

(tjfCr/BB 2003/0 0 1 2 05 





lG75a8760 



The Patent Office 
Concept House 
Cardiff Road 
Newport 

South WEies ' — 




PRIORITY DOCUMENT 



SUBMirTED OR TRANSMriTED IN 
COMPLIANCE WITH 
RULE 17.1(a) OR (b) 




ltec'{fP^/PT®^2S£P m 



I, the undersigned, being an officer duly authorised in accordance with Section 74(1) and (4) 
of the Deregulation & Contracting Out Act 1994, to sign and issue certificates on behalf of the 
Comptroller-General, hereby certify that annexed hereto is a true copy of the documents as 
originally filed in connection with the patent application identified therein. 



In accordance with the Patents (Companies Re-registration) Rules 1982, if a company named 
in this certificate and any accompanying documents has re-registered under the Companies Act 
1980 with the same name as that with which it was registered immediately before re- 
registration save for the substitution as, or inclusion as, the last part of the name of the words 
'imited company" or their equivalents in Welsh, references to the name of the company 
■ "icate and any accompanymg documents shall be treated as references to the name - 
t is so re-registered. 



In accordance with the rules, the words "public limited company" may be replaced by p.l.c. 
pic, P.L.C. or PLC. 



Re-registration under the' Companies Act does not constitute a new legal entity but merely 
subjects the company to certain additional company law rules. 




BEST AVADLAOLE COPY 




Dated 7 April 2003 



AnExecutive Agency of the Department of Tiade and Industty 



* Patents Form 1/77 

c 



1^ Patents Act 1977 
Olule 16) 



2 2 MAR 2002 
Request for grant of a patent 

CiS'ee tite notes on tlie back of this form. "Sou can also get 
an explanatory leaflet from the Patent Office to help 
you fill in this form) 




1/77 

25HAR02 "E7S5978-1 C69803 

mnm o«oo-o2068do.9 




The Patent Office 
Cardiff Road 
Newport 
GwentNP9 IRH 



1 . Your reference 




MA/HG/P33019 


2. Patent application number 
(The Patent Office will fill in his part) 


2 2 R/l 


m 2002 0206860.9 



3. Full name, address and postcode of tlie or of 
each applicant (underline all surnames) 

Patents ADP number (if you knoy^ it) COC^.^ BS^'^t-COS 

If the applicant is a corporate body, give the 
country/state of its incorporation 



Glaxo Group Limited 

Glaxo Wellcome House, Berkeley Avenue, 
Greenford, Middlesex UB6 ONN, Great Britain 



United Kingdom 



4. Title of the invention 



5 . Name of your agent (if you have one) 

"Address for service" in the United Kingdom 
to which all correspondence should be sent . 

(including the postcode) 



Patents ADP number (^you know U 



; .. ..leliectual Property 
GlaxoSmithKline 

Corporate Intellectual Property CN925.1 
980 Great West Road 
BRENTFORD 
Middlesex TW8 9GS 



If you axe declaring priority from one or more 
earlier patent applications, give the country 
and the date of filing of the or each of 
these earlier applications and (if you know it ) the 
or each apphcation number 



Country Priority application number Date of filing 
(if you know it) (day /month /year) 



7. If this application is divided or otherwise 
derived from an earHer UK application, 
give the number and the filing date of 
the earlier apphcation 



Number of earlier application Date of filing 

(day /month /year) 



8. Is a statement of inventorship and of right 
to grant of a patent required in support of 
this request? (Answer yes if: 

a) any applicant named in pari 3 is not an inventor, or 

b) there is an inventor who is named as an applicant, or 

c) asiy named applicant is a corporate body 
See note (4) 



Patents Form 1/77 



Patents Form 1/77 

i Enter the number of sheets for any of the 
following items you axe filing with* this form. 
Do not count copies of the same document 

Continuation sheets of this form 
Description 
Claini(s) 
Abstract 

Drawings 



51 

7 

1 




10. If you are also filir^g any of the following, 
* state how many against each item. 

Priority Docxmients 

Translations of priority documents 

Statement of inventorship and right 
to grant of a patent (Patents Form 7/77) 

Request for preliminary examination 
and search (Patents Form 9/77) 

Request for substantive examination 
(Patents Form 20/77) 



An: 



Qacumehts 



11. 



We request the grantof 
application ' ^ 
Signature 




basis of this 
Date 22-Mar-02 



12. Name and daytime telephone number of 
person to contact in the United Kjjigdom 



MAfldnson 01279 631323 



Warning 

After an application for a Patent has heeen filed, the Comptroller of the Patent Office will consider whether 
publication or communication of the invention should be prohibited or restricted under Section 22 of the Patents Act 
1977, You will be informed tfit is necessary to prohibit or restrict your invention in this way. Furthermore, if you 
live in the United Kingdom, , Section 23 of the Patents Act 1977 stops you Jrom applying for a patent abroad without 
first getting written permission unless an application has been filed at least six weeks beforehand in the United 
Kingdom for a patent for the same invention and either no direction prohibiting publication or communication has 
been given, or any such direction has been revoked 

Notes 

a) If you need help to fill in this-form or you -have any questions^ please cpntact the Patent Office on 0645 500505 

b) Write your answers in capital letters using black ink or you may type them, 

c) If there is not enough space for all relevant details on any part of this form, please continue on a separate 

' sheet of paper and write ''see continuation sheet" in the relevant part(s). Any continuation sheet should be 
attached to this form. 

d) If you have answered 'Yes' Patents Form 7/77 will need to be filed. 

f) For details of the fee and ways to pay please contact the Patent Office, 



Patents Form 1/77 



P33019 ' 




Compounds 

The present invention relates to novel imidazole derivatives, to processes for tibeir 
preparation, to pharmaceutical compositions containing them aad to their use in 
medicine. More particularly the present invention relates to novel imidazole derivatives 
vsrhich are inhibitors of mitogen and stress activated protein kinase- 1 (herein after referred 
to as Msk-1) 

An important mechanism by which cells sense and respond to extracellular stimuli is the 
activation and modulation of intracellular signal transduction pathways. One of the major 

i a: transduction systems utilized by cells is the MAP kinase signalling pathways. 
T b v' f: *:ui .7ways share a common architecture, consisting of a cascade of protein kinases 
i. .:cit me sequentially phosphorylated and activated, resulting in the activation of a MAP 
kinase (MAPK). Three MAP kinase pathways have been widely characterised: the Erk 
pathway, which responds to mitogenic stimuli and results in activation of Erk, and the 
INK and p38 pathways, which are commonly associated with transducing cellular stress 
signals and result in activation of INK and p38 MAPK. 

Mitogen and stress-activated protein kinases 1 (Mskl) and 2 (Msk2, also named RSKB or 

RLPK) constitute a family of kinases that can be phosphorylated and activated by either 

p38 or Erk. Msks are reported to be localized excliisively to the nucleus, and as such are 

responsible for the phosphorylation and activation of the transcription factor CREB in 

response to certain stress stimuli. In macrophage and monocyte cells, Mskl is involved in 

CREB-mediated transcriptional regulation of IL-lp and Cox2 in response to bacterial ' 

1 
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Upopolysaccharide. In addition, Mskl can also phosphorylate the nucleosomal proteins 
histone H3 and HMG14, and liius may have a critical role in linking cellular signallmg 
pathways to chromatin modification and modulation of transcriptional factor complexes. 
Inhibitors of kinases in the Erk MAP kinase cascade have been suggested for use in the 

5 treatment and/or prophylaxis of disorders associated with neuronal degeneration resulting 
from ischemic events, including cerebral ischemia after cardiac arrest, stroke and multi- 
infarct dementia and also after cerebral ischemic events such as those resulting from head 
injury, surgery and/or during childbirth. Since Msks are activated by Erk MAPK, Msk 
inhibitors could serve a similar use. Although Msks are only one of a number of Erk 

10 substrates, CREB is involved in many different transcriptional activities, and Msk- 

mediated CREB phosphorylation could play a role in some cancers. In addition, through 
modulation of production of pro-inflammatory cytokines such as IL-ip and 
prostaglandins, inhibitors of Msks could be of use in treatments for neuroinflam.: = .- : . 
diseases such as stroke, multiple sclerosis, Alzheimer's disease, Parkinson's disease, 

15 amyotrophic lateral sclerosis and inflammatory pain, as well as other inflammatory 
diseases such as rheumatoid artbritis, irritable bowel syndrome, inflammatory bowel 
' disease and asthma. 

WO 97/12615 teaches novel 2-heteroaryl benzimidazole derivatives, which are inhibitors 
20 of the specific lipoxygenase enzyme 15-LO. 

We have now identified a group of novel imidazole derivatives which are potent 
inhibitors of the protein kinase Msk-1 . 

The present invention thus provides compounds of the general formula ® 



2 
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R2 

(I) 



and physiologically acceptable salts and or N-oxides thereof wherein, 
Xi is N or CR3;X2 isN or CR4; X3 is N or CR5; X4 is N or CR^. 

with Ihe proviso that at least one but not more than two of Xj, X2, X3 and X4 represents 
N. 

Ri is a 5-, or 6- membered heterocyclic group selected j&om group a, b, c or d 




(a) 

wherein X5 is a group selected fromN or CR7 and Ae :' . ^{ iw^xected from O, S or 




(b) 

wherein X7.and Xg which may be the same or different is a group selected from N or CR^; 




wherein X9 is a group selected from O, S or NRg and X9 is N or CRio; 
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(d) 

v^erein Xu, X12 and X13 may be the same or diflferent and selected from a group N or 
CRii; 

5 R2 and R« independently represents hydrogen, hydroxy, aryl, heteroaryl, Ca-vcycloalkyl, 
heterocyclyl,a group YR12. N=Ri3, CONR14R15, NHCORie. SO2NR14R15 or Ci^alkyl 
[optionally substituted by a group selected from optionally substituted phenyl. C3. 
7cycloalkyl, heteroaryl, heterocyclyl, acylamino, NH2, R19NH, R19R20N. SO2NR14R15, 
CO]SIRi4Ri5, NHCOR16 or NF.'.^r C . T-ft group]; 

10 . R3,R4,R5;El6,R7,R9,Rioa.-v' ? ic-pv-rAiaitly represent a group selected from hydrogen, 
halogen, hydroxy, R19O, Ri9S(0>n, 1^2, R19NH. RisRjoN, nitro, formyl, CMalkanoyl, 
optionally substituted phenyl, heteroaryl, cycloalkyl, cycloalkylalkyl, aryloxy, 
heteroaryloxy, heterocyclyl, CONR15R13, NHCORie . SO2NR14R15, NR17SO2R18 or Ci- 
galkyl [optionally substituted by a group selected from optionally substituted phenyl, C3- 

15 7cycloalkyl, heteroaryl. heterocyclyl, NH2, R19NH, R19R20N , acylamino, hydroxy, 
CO]SIRi4Ri5, NHCORie. SO2NR14R15 or NR17SO2R20 group]; 
Y represents O. NH or S(0)n; 

R12 represents aryl, heteroaryl, cycloalkyl, heterocyclyl or Ci-f^^ 

substituted by a group selected from optionally substituted phenyl, Cs-Tcycloalkyl, 
20 heteroaryl, heterocyclyl, NH2, R19NH, R19R20N , acylamino, hydroxy, CONRi^Ris. 
NHCOR16. SO^i4Ri5 or NR17SO2R18 group]; 
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Ri3 represents an alkylidene group which may be substituted by an aryl, heteroaryl, 
heterocyclyl or cycloalkyl group or R13 represents a cycloalkylidene or 
heterocycloalkylidene group. 

Ri4 and R15 indepiendently represent hydrogen, aryl, heteroaryl, cycloalkyl or Ci-6alkyl 
5 [optionally substituted by a group selected from optionally substituted phenyl, C3- 

vcycloalkyl, heteroaryl, heterocyclyl, NH2, R19NH, R19R20N , or acylamino group] or Ru 

and Ri5 together with the nitrogen atom to which they are attached form a 4-7 

heterocyclic ring which may be saturated or unsaturated and optionally contains another 

heteroatom selected from 0,N or S(0)n; 
10 R16 and R18 independently represent ,aryl, heteroaryl, heterocyclyl,cycloalkyl or Ci-6alkyl 

[optionally substituted by a group selected from optionally substituted phenyl, C3. 

vey -\ heteroaryl, heterocyclyl, NH2, R19NH, R19R20N , or acylamino group] or the 

• ^ . . . .4.% wherein R14 and R15 have the meanings defined above; 

Ri7 represents hydrogen, aryl, heteroaryl, cycloalkyl or Ci-ealkyl [optionally substituted 
15 by a group selected from optionally substituted phenyl, C3-7cycloalkyl, heteroaryl, 

heterocyclyl, NH2, Ri9NH R19R20N , or acylamino group]; 

Ri9 and R20 independently represent a group selected from Ci-6 alkyl, C3-7cycloalkyl, C3- 
7cycloalkylalkyl, aryl, aralkyl, heteroaryl, heteroarylalkyl, heterocyclyl or 
heterocyclylalkyl; 
20 n is zero, 1 or 2. 

it will be appreciated that any of the substituents Ri to R20 as defined in formula (1) above 
may contain at least one asymmetric center and it is to be understood that the invention 
includes all possible enantiomers arising there from and mixtures thereof including 
25 racemates. 
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The tenn alkyl as a group or part of a group e.g. alkoxy, alkylthio,alkylaimno or 
dialkylamino refers to a Ci^ straight or branched chain alkyl group. 
The term halogen includes fluorine, chlorine, bromine or iodine. 
The term aryl as a group or part of a group e.g. aryloxy,aralkyl or arylamino refers to an 
5 optionally substituted phenyl or fused bicyclic aryl group e.g. naphthyl. 

The terms aryl, optionally substituted phenyl, heteroaryl, and 4-7 membered heterocyclyl 
as a group or part of a group includes such groups which are optionally substituted with 1 
to 3 substituents which may be the same or different and selected jfrom halogen, aryl, 
heteroaryl, heterocyclylalkyl, hydroxy, alkyl, amino, alkylamino , dialkylamino, 
10 arylamino, heteroarylamino, heterocyclylamino, acylamino, annnoalkyl, alkylaminoalkyl, 
dialkylaminoalkyl, acylaminoalkyl, arylaminoalkyl, 
heteroarylaiiiinoalkyl,cycloalkylaminoalkyl, carbo5^^ 

aminoalkoxy, dialkylaminoalkoxy, acylarninoalkoxy ,sulphoiianiido, aminosulphor:v - 
cyano, nitro, R21O or R2iS(0)n wherein R21 is a group selected from alkyl, aryl, heteroaryl 
15 or heterocyclylalkoxy and n is zero, one or two, or each of the said groups form part of a 
fused bicycUc ring system containing up to 10 ring members and which is at least 
partially saturated. 

The term heteroaryl as a group or part of a group e.g. heteroaryloxy refers to a 5, or 6 

20 membered ring or a fused 6,5 or 6,6 bycyclic ring system. 

When heteroaityl represents a 5 membered gro^^^ it contains a heteroatom selected 

O, N or S and may optionally contain a further 1 to 3 nitrogen atoms. Examples of such 

groups include furanyl, thienyl, isoxazolyl, oxazolyl or imidazolyl. 

When heteroaryl represents a 6-membered group it contains from 1 to 3 nitrogen atoms. 

25 Examples of such groups include pyridyl, pyrimidinyl, or triazinyl. 

6 
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The term 5,6 fused bicyclic heteroaiyl group refers to a group in which the 5-membered 
ring contains an oxygen, sulphur or NH group and the 6 membered ring optionally 
contains from 1 to 3 nitrogen atoms. Examples of such groups include benzofuranyl , 
benzothienyl or indolyL 
5 The term 6,6 fused bicyclic heteroaryl group refers to a bicyclic heteroaryl group which 
contains at least one nitrogen atom in one of the rings and may contain up to 3 nitrogen 
atoms in each ring. Examples of such groups include quinolinyl, isoquinolinyl or 
naphthyridinyl. 

The term heterocyclyl as a group or part of a group such as heterocyclylalkyl, 
10 heterocyclylalkylidene refers to a 4-7 membered heterocyclyl group which is linked to 
rest of the compomd of formula (1) via a carbon or nitrogen atom in that group and 
which contains one or two hetero atoms selected from N, O :2 3),-. ''nd when the 
heterocyclyl group contains a ring member NH or the i. ? - ' . ■ r ? • - ^ .:.t>*'-.^,£. f subtituted 
by a primry or secondary amino group then the term also includes I'^I-acyl derivatives 
15 thereof. 

The term cycloalkyl as a group or part of a group e.g. cycloalkylalkyl or cycloalkylidene 
refers to a 3-7 membered carbocyclic group. 

The term fused bicyclic ring system containing up to 10 ring members and which is at 
least partially saturated includes carbocyclic and heterocyclic 6,5 and 6,6 bicyclic ring 

20 systems. Examples of such 6,5 and 6,6 carbocyclic ring systems include those wherein 
the bicyclic ring comprises a benzene ring fused to a 5 or 6 membered carbocyclic ring 
which is at least partially saturated e.g. tetrahydronaphthyl,indanyl or indenyl. Examples 
of such 6,5, or 6,6 heterocyclic rings include those wherein one ring, is benzene which is 
fused to a 5 or 6 membered ring containing one or two hetero atoms selected from O, S or 

25 N e.g. indolinyl, isoindolinyl, dihydrobenzofuranyl, dihydrobenzothienyl, 1,3- 
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benzodioxolyl, benzopyirolyl, 1,3-benozodithiolyl, 1,4-benzodioxanyl, chromanyl or 
chromenyl . 

The term acyl as a group or part of Ihe acylamino group referes to an alkanoyl, aroyl, . 
5 aralkanoyl, alkoxycarbonyl, aryloxycaronyl or aralkoxycarbonyl group. 

The (iompounds of formula (!) form salts with inorganic and organic acids and the 
invention includes such salts formed with physiologically acceptable inorganic and 
organic acids. 

10 The compounds of formula (I), form N-oxides. Thus, the compound of formula(I) 

wherein X3 is N or X2 is N forms an N oxide and the invention includes such compounds. 

A prefs;v\, i . a&p of compounds of formula Q are those wherein only one of Xi, X2, X3 

or ■ - .:A f- !'-''=-i'^ "^v^it^ 

particularly X3 represents N. ^ . 

15 A further preferred class of compounds are those wherein Xi and X3 each represents 

N. 

A further preferred class of compounds of formula (£) are those wherein Ri is a group 
selected from (c) or (d). 
20 When Ri is the group (c) this is conveniently a group y^erein X9 is oxygen and Xio is 

nitrogen or X9 is N% wherein R« is.^y^E^S?^ ^'^P^? ^ 

When Ri is the group (d) this is conveniently a group wherein Xn and X12 each represent 
CH and Xi3 is the group CH or N. 

The group Ri is preferably a group (c) vdierein X9 is oxygen and Xio is nitrogen. 
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Examples of suitable R2 groups include hydrogen, Ci^alkyl such as methyl, ethyl, 
isopropyl, sec butyl and 2-ethylbutyl, C3-7 cycloalkyl e.g. cyclopropyl, cyclobutyl, 
cyclopentyl, cyclohexyl, cycloheptyl, Ca-vcycloalkylalkyl e.g. C3.7 cycloalkylmethyl such 
as cyclopropylmethyl or cyclohexylmethyl, optionally substituted phenyl such as phenyl 
5 or phenyl (substituted by an amino, aminomethyl, diethylaminoethoxy, methoxy or 
hydroxy group), alkyl (substituted by hydroxy e.g. 2-hydroxy-l -methyl-ethyl), alkyl 
(substituted by amino, acylamino , R19NH or R19R20N e.g. 4-aminobutyl, 2- 
dimethylamino-l-methylethyl, 4-diethylamino-l -methyl- butyl or 4- 
butyloxycarbonylamino-butyl) or a 4-7 membered heterocyclyl group e.g.4-piperidinyl. 

10 

When X2 is CR4 then the group R4 is conveniently hydrogen, methyl or alkoxy e.g, 
methoxy. 

When X3 is CR5 then R5 is coveniently hydrogen, alkyl e.g. methyl or alkoxy e.g. 
methoxy. 

15 Wherein X4 is CRe the group R^ is conveniently hydrogen, halogen e.g. chlorine , alkyl 
e.g, methyl,alkoxy e.g.methoxy, optionally substituted phenyl e.g. phenyl or a 4-7 
membered heterocyclyl group e.g. 1- pyrrolidinyl. 

Wherein Xi is the group CR3 then R3 is convenientiy hydrogen, halogen e.g. 
e.g. bromine,optionally substituted phenyl e.g. phenyl or phenyl (substituted by methoxy, 
20 aminomethyl, cyano, formyl, aryloxy e.g. phenoxyor halogen e.g. fluorine), an heteroaryl 
group (e.g thienyl such as 2-thienyl or 3-thienyl, 2-furanyl, pyridyl such as 3-pyridyl or 4- 
pyridyl, 3,5-dimethylisoxa2ol-4-yl , indolyl,or 8-quinolinyl), alkyl e.g. methyl 
(substituted by the group Ri9NH e.g. R19 is aralkyl such as an optionally substituted 
benzyl group e.g. 4- bromobenzyl or 3-methoxybenzyl) or alkyl e.g. methyl substituted 



r 



by a 4-7 membered heterocyclyl group e.g 1- piperazinylmethyl or a 6,5-fused 
bicycloheterocyclyl e.g. 5-beiizo[l,3]dioxolyl. 
Specific preferred compounds according to the invention include: 
4-(l-Ethyl-lH-imidazo[4,5-c]pyridin-2-yl)fiuazan-3-ylamine; 
5 4-(l-Cyclopropyl-l/f-inuda2o[4,5-c]pyridin-2-yl)£ura2an-3-ylamine ; 
4-(l-Metbyl-m-inddazo[4,5-c]pyridin-2-yl)furazan-3-ylamine; 
4-(l-Cyclohexyl-lif-inuda2o[4,5-c]pyridin-2-yl)fvffazan-3-ylamine; 
4-(l-Cyclopropylmethyl-lH-inudazo[4,5-c]pyridin-2-yl)furazan-3-ylan^ 
4-(l-Cyclohexylmethyl-lH-imidazo[4,5-c]pyridin-2-yl)furazan-3-ylamine^ 

10 4-(l-Cyclobutyl-l/f-imidazoC4,5-c]pyridin-2- yl)furazan-3-ylamine; 
4-[l-(2-Ethylbutyl)-lH-imidazo[4,5-c]pyridin-2-yl)fUrazan-3-ylaniine; 
4<-Isopropyl-lfr-inudazo[4,5-c]pyridin-2-yl)fiu:azan-3-ylanune:: 
4<l-5ec-Butyi-lfr-imidazo[4,5-c]pyridin-2-yl)fittazan-3-yl^^^^^^^^^^ 
4-(l-Cyclopentyl-l if-imLdazo[4,5-c] pyridin-2-yl)-furazan-3-yldmine; 

15 4-(l-Cycloheptyl-l H-imidazo[4,5-c] pyridin-2-yl-furazan-3-ylamine; 

4-[l-(2-Dimethylamino-l-methyle1iiyl)-lir-inudazo[4,5-c]pyridin-2-yl)f^^ ■ 

ylamine; 

4-(l-Piperidin-4-yl)-l- /Z-imidazo[4,5-c] pyridin-2-yl-furazan-3-ylamine; 
4-[l-(4-Diethylamino-l-methyl-butyl)-l H-imida2D[4,5- c ]pyridin-2-yl]-furazan-3- 
20 ylamine; 

{4-[2r(4rAnu»o-fura;ranr3-^rr):im ^'^l^ . 

butyl ester; 

(+)_4-[l<2-Dime1hylamino-l-methylethyl)-lH-inudazo[4,5-c]pyridin-2-yO^ 
ylanaine; 



10 
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(_)^[l-(2-Dimethylaiijmo-l-me1iiylethyl)4-if-imid 
ylamine; 

4-[l-(4-Methoxy-phenyl)-lif-iiiudazo[4,5-c]pyridin-2-yl]-furaz^ 
4-(l-Phenyl-l H -imidazo[4,5- c ]pyridm-2-yl)-furazan-3-ylamme; 
5 4_[i_(4.Ainmo-phenyl)-lH-imidazo[4,5-c]pyridin-2-yl]-furazan-3-^^ 
4-[2<4-Aimno-fiffazan-3-yl)-imidazo[4,5-<j]pyridin-l-yl]-ph.enol; 
4_{l_[4^2-Dimethylammo-ethLOxy)-phenyl]-l H-imidazo[4,5- c]pyridin-2-yl>-furazan- 
3-ylamine ; 

4-[l-(4-Amino-butyl)-l iy-iimdazo[4,5- c]pyridin-2-yl]-fura2aii-3-ylainine; 
10 4-(7-Bromo-l-etiiyl-li?-iimdazo[4,5-c]pyridm-2-yl)ftu:azan-3-ylai^ 
. 4-(l-EthyI-7-phenyl-liy-miidazo[4,5-c]pyridm-2-yl)furazan-3-yl 
4-[l-Ethyl-7<4-me1iioxypheayl)-lH7:A>wiav^^^^^^^^ , 
4-(l-Ethyl-7-fW6phen-2-yl-lH-i::^V?- -•'■^^ 

4-[7-(4-Ammomethylphenyl)-l-ethyl-li2-iimdazo[4,5-c]pyridin-^ 
15 4-(l-Ethyl-5-oxy-lir-imidazo[4,5-c]pyridin-2-yl)fura2an-3-ylai^ 
4-(4-CWoro-l-ethyl-lii^iimdazo[4,5-c]pyridm-2-yl)furazan-3-ylaD 
4-(l-Ethyl-4-phenyl-liy-iinidazo[4,5-c]pyridin-2-yl)furazan-3-yla^ 

3- (l-Ethyl-l iy-imidazo[4,5-c]pyridin-2-yl)-pyrazin-2-ylainine; 
3<l-EthyI-lir-imidazo[4,5-c]pyridin-2-yl)-pyridin-2-ylamme; 

20 4-(l-Ethyl-liJ-jxmdazo[4,5-c]pyridm-2-yl)-liy-pyrazol-3-ylanmie; 

4- (l-Ethyl-li/'-inudazo[4,5-c]pyridin-2-yl)-l-methyl-lif-pyraz^ 
[4-(l-Ethyl-li?-imidazo[4,5-c]pyridm-2-yl)-l-me1hyl-liif-pyr^^ 

f erf-butyl ester; 

4-(l-Ethyl-l^r-inddazo[4,5-c]pyridin-2-yl)-l-methyl-lif-pyrazol-3-ylaiim 

25 4-(l-Ethyl-7-pipera2m-l-ylmethyl-lH-iimdazo[4,5-c]pyridm^ 

11 



l-[2-(4-Ammo-fura2an-3-yl)-l-ethyl-lf^iimdazo[4,5-c]pyri<M-7-yto^ 
ylamine 

[2-(4-Ainmo-fura2an-3-yl)-l-e11iyl-liir-imidazo[4,5-c]pyri 
amine 

5 4-{7.[(4-Bromo-benzylammo)-methyl]-l-ethyl-l/f-iimda2»[4,^ pyridm-2-yl}-furazan- 

3- ylamiiie 

4- { l-Ethyl-7-[(3-methoxy-beiizylainino)-methyl3-liy-iim<^ 
fiirazan-3-ylamine 

4-(l-Ethyl-4-methyl-lH-imidazo[4,5-c]pyridm-2-yl)-furazan 

10 4-(l-Ethyl-7-furan-3-yl-l/f-imidazo[4,5-c]pyridm-2-y^ 

4<l-Ethyl-7-tMophen-3-yl-liy-miiciazo[4,5-c]pyrida[n-2-yl)to 

. 4-[l -Ethyl • ^/'---^ ; • • ^whenyl)-li^ 

4-[l-Et.;f ? ./^^^^^^^^^^ : :] 

4-[l-Ethyl-7-(4-£luorophenyl)-l/r-iimdazo[4,5-c]pyridin-2-yl]furazan-^ 

15 4<7-Benzo[l,3]dioxol-5-yl-l-elJiyl-li7-imidazo[4,5-c]pyridin-2-yl)fura^ 

4-[l-(3-Aimnopropyl)-lH-imidazo[4,5-c]pyridin-2-yl]-feazan 

4-[2-(4-Aminofurazan-3-yl)-l-ethyl-lH-iiriidaz61[4,5-c]pyri^^ 

4-[l-(4-Aininomethylphenyl)-l/y-imidazo[4,5-c]pyridin-2-yl]-fura^ 

4<l-Ethyl-7-pyridm-4-yl-lJy-imidazo[4,5-c]pyridin-2-yl)ftu:^^ 
20 4-(l-Eiliyl-7-pyridin-3-yl4if-imidazo[4,5-c]pyridin-2-yl) 

. _ . .4r(lrEl±iyl-7rqumDlinr8ryl-lir-inudaz©[^^^ .._ 

4-[7-(3,5-DimethyUsoxazol-4-yl)-l -ethyl- li^iinidazo[4,5-c]pyridm-2-yl]fur 

-ylamine; 

3-[2-(4-Aminofurazan-3-yl)-l-ethyl-liy-imidazol[4,5-c]pyridin-7-yl]benzom 

25 • 4-[l-(2-Amino-l-methylethyl)-lif-imidazo[4,5-c]pyridin-2-yl]-furazan-3-ylamm 
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# r 

4-(l-Cyclopropyl-6-metiiyl-lir-iiiiidazo[4,5-cipy^ 

4-[l-(2-Me1iioxy-phenyl)-li7-imidazo[4,5-c]pyridm-2 
4-[7-(4-Aminomethylphenyl)- 1 -cyclopropyl- lif-i^ 
5 ylamine; 

4-(9-Cyclopropyl-2-methylsulfanyl-9if-pixrin-8-yl^ 
and physiologically acceptable salts thereof. 

The ability of the compounds of formula (I) to antagonise the effect of the kinase Msk-1 
10 may be determined using published procedures such as those described in W09967283 

and WO0127315. Alternatively using the following in vitro assay may be used . 

Thus the Msk-1 antagonist activity was. determined using human recombinant Msk-1 

expressed in Sf9 cells (W09967283). The enzyme underwent prior actiyation by . .. 

incubation with MAPK (p42), which was removed prior to storage and subsequent assay. 
15 The assay of Msk-1 activity involved incubation with peptide substrate and ATP33^ the 

subsequent incorporation of P^^ into the peptide was quantified by Scintillation 

Proximity Assay (SPA - Amersham Pharmacia). 

For IC50 determination, test compounds were typically dissolved at lOmM in 100% 
20 DMSO, with subsequent serial dilution into 10% DMSO. Compounds were typically 

assayed over an eleven point dilution range with a concentration in the assay of lOuM to 
3nM, in duplicate. IC50 values were calculated by bespoke curve fitting software. 



13 



P33019 




Assays were perfonned in clear bottomed, white walled, 384 well plates, in a total assay 
volume of 12.5iil. The assays contained: 2nM activated MSKl; 2uM biotinylated peptide 
(biotin-GRPRTSSFAEG-OH); 20uM ATP; 25Bq per pmole ATP33; 50mM Hepes; 
lOmM MgCl2; O.lmM EDTA; 0.0025% Tween-20; 5mM p-Mercaptoethanol; pH 7.5. 
The reactions were incubated at 20°C for 60 minutes, then terminated by the addition of 
lOul of 200mM EDTA. 

Streptavidin PVT SPA beads were added to a concentration of 0.2mg per well. The plates 
were shaken for 10 minutes before centrifugation at 2500 rpm for 10 minutes. p33 
incorporation was quantified by scintillation coimting in a Wallac Trilux. 

The compounds of the invention are therefore useful in the treatm- '.<.-: - • - ' -• . 
diseases and/or conditions mediated through the kinase Msk-1 . Thui ;. . h il" iads are 

> 

useful for the treattnent or prophylaxis of disorders associated with neuronal degeneration 
resulting from ischemic events or infl ammat ory conditions. Examples of such disorders 
include acute stroke e.g. cerebral stroke, thromboembolic stroke, hemorrhagic stroke and 
cerebral ischemia, multi infarct dementia , pain, arthritis e.g. rheumatoid arthritis, 
osteoarthritis, psoriasis, and enteropathic arthritis, multiple sclerosis, Alzheimers disease, 
Parkinson's disease, amyotrophic lateral sclerosis, spinal cord injury and asthma. The 
compounds may also be useful for the treatment of irritable bowel syndrome, 
injQammatory bowel disease and certain cancers. 
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The invention therefore provides for the use of a compound of formula (I) and/or 
physiologicaUy acceptable salts thereof for use in therapy and in particular for use as a 
medicine for inhibiting the effects of the kinase Msk-1 . 

5 The invention also provides for the use of a compound of formula (I) and/or a 

physiologicaUy acceptable derivative or salt thereof for the manufacture of a medicament 
for inhibiting the effects of the kinase Msk-1 . 

According to a further aspect, the invention also provides for a method for mhibiting ihe 
10 effects of the kinase Msk-1 in a manmial e.g. a human , comprising administering to a 
patient in need thereof an effective amount of a compound of formula (I) and/or a 
physiologically acceptable derivative '• r ' • • 

' ■ , 

It will be appreciated by those skilled in the art that reference herein to treatment extends 
15 to prophylaxis as weU as the treatment of established diseases or symptoms. 

It will fiarther be appreciated that the amount of a compound of the invention required for 
use in treatment wiU vary with the nature of the condition being treated, the route of 
administration and the age and the condition of the patient and will be ultimately at the 
20 discretion of the attendant physician. In general however doses employed for adult 

human treatment will typically be in the range of 5 to 800mg per day, dependent upon 
the route of administration. 

referred routes of administration include intravenous injection or orally. 
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Thus for parenteral administration a daily dose reginoien will typically be in the range 0. 1 
to 80mg/kg of the total body weight, preferably from about 0.2 to 30mg /kg or more 
preferably 0,5 to 15mg/kg.. For oral administration a daily dose regimen will typically be 
within the range range 0.1 to 80mg/kg of the total body weight, preferably from about 0.2 
5 to 30mg /kg or more preferably 0.5 to 1 5mg/kg 

The desired dose may conveniently be presented in a single dose or as divided doses 
adnunistered at appropriate intervals, for example as two, three, four or more sub-doses 
per day. 

1 0 While it is possible that, for use in therapy, a compound of the invention may be 

administered as the raw chemical, it is preferable to present the active ingredient as a 
pharmaceutic " 

The invention thus turther provides a pharmaceutical formulation comprising a 
1 5 compound of formula (I) or a pharmaceutically acceptable salt thereof together with one 
or more pharmaceutically acceptable carriers thereof and, optionally, other therapeutic 
and/or prophylactic ingredients. The carrier(s) must be 'acceptable" in the sense of being 
compatible with the other ingredients of the formulation and not deleterious to the 
recipient thereof. 

20 ■ , 

The compositions of the inventionJnclude those in a foim .especially formulated for oral, . 

buccal, parenteral, inhalation or insufflation, implant or rectal administration Appropriate 
dosage forms for adminisration by each of these routes may be prepared by conventional 
techniques. 

25 
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Tablets and capsxdes for oral admimstration may contain conventional excipients such as 
binding agents, for example, syrup, acacia, gelatin, sorbitol, tragacanth, mucilage of 
starch or polyvinylpyrrolidone; jSllers, for example, lactose, sugar, microcystalline 
cellulose, maize-starch, calcium phosphate or sorbitol; lubricants, for example, 
5 magnesium stearate, stearic acid, talc, polyethylene glycol or siUca; disintegrants, for 
example, potato starch or sodium starch glycollate, or wetting agents such as sodium 
lauryl sulphate. The tablets may be coated according to methods well known in the art. 
Oral liquid preparations may be in the form of, for example, aqueous or oily suspensions, 
solutions emulsions, syrups or elixirs, or may be presented as a dry product for 

10 constitution with water or other suitable vehicle before use. Such liquid preparations may 
contain conventional additives such as suspending agents, for example, sorbitol syrup, 
methyl cellulose, glucose/sugar syrup, gelatin, hydroxyethylcellulose, carboxymethyl 
cellulose, aluminiimi stearate gel or hydrogenated edible fats; emulsifying agents, for 
example, lecithin, sorbitan mono-oleate or acacia; non-aqueous vehicles (which may 

15 include edible oils), for example, almond oil, fractionated coconut oil, oily esters, 
propylene glycol or ethyl alcohol; solubilizers such as surfactants for example 
polysorbates or other agents such as cyclodextrins; and preservatives, for example, 
methyl or propyl p-hydroxybenzoates or ascorbic acid. The compositions may also be 
formulated as suppositories, e.g. containing conventional suppository bases such as cocoa 

20 butter or other glycerides. 

For buccal administration the composition may take the form of tablets or lozenges 
formulated in conventional manner. 

17 
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The composition according to the invention may be fomiulated for parenteral 
administration by injection or continuous infusion. Formulations for injection may be 
presented in unit dose form in ampoxiles, or in multi-dose containers with an added 
preservative. The compositions may take such forms as suspensions, solutions, or 
5 emulsions in oily or aqueous vehicles, and may contain formulatory agents such as 

suspending, stabiHsing and/or dispersing agents. Alternatively the active ingredient may 
be in powder form for constitution with a suitable vehicle, e.g. sterile, pyrogen-free water, 
before use. 

Coveniently the compounds of the invention are foimulated for intravenous or oral 
10 administration. 

The compositions according to the invention may contain between 0.1-99% : ' Ix r;.tive 
ingredient, conveniently from 30-95% for tablets and capsules and 3-^:- : -j 
preparations. 

15 Compounds of formula (I) wherein Ri is a group (a), (c) and (d) may be prepared by 
reacting the diamine QI) 

(II) 

wherein R2, Xi, X2 . X3 and X4 have the meanings defined in (0 with the appropriate 
compound of formula (HI), (TV) or (V) 
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wherein Y is hydrogen , halogen e.g. CI, Br or I, hydroxy or Ci^alkoxy, Ra is hydrogen 
or a nitrogen protecting group such as an alkoxycarbonyl or benzyloxycarbonyl group 
5 and each of X5, Xa, X9, Xio, Xu^Xn and X13 have the meanings as defined in formula (I) 
or is a group available thereto, followed when required by removal of the nitrogen 
protecting group Ra using conventional methods. 

When Y is a group selected from halogen, alkoxy or hydroxy the reaction is carried out 
with heating and optionally in the presence of a solvent and/or a dehydrating agent such 
10 as polyphosphoric acid. 

When Y is hydrogen the reaction is convenv . ■'' " v-*-£l ciut in the presence of an oxidaint 
such as sodium bisulphite. 

Compounds of formula Q) wherein Y is the group (b) may be prepared by reduction of 
the corresponding nitro derivative (VI) 



15 




wherein R2, R3, R3, Xi, X2, X3, X4, X? and Xg have the meanings dejBbaed in formula (T). 
The reduction may be effected using conventional procedures for converting a nitro group 
into an amino group, thus for example the reduction may be effected using hydrogen and 
a suitable metal catalyst e.g. palladium. 
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Compounds of formula © wherein Ri is the group (c) and X9 is oxygen and Xio is 
nitrogen may be prepared by reacting the nitrile (VII) 



"^^^ — CH, C=N 



^ \ 
R2 

(VII) 

wherein R2, Xi, X2, X3 and X4 have the meanings defined in formula (I) with 
hydrochloric acid and sodium nitrite in a solvent such as an alkanol and treatment of the 
product thus formed with a base e.g. aqueous sodium hydroxide and hydroxylamine and 
subsequent heating. 

Compounds of formula (I) wherein Ri represent tbe group (c) wherein X9 is NH and Xio 
is CH may be pr"^, ^^-^r ^ ' v ting compound (VHI) 



— l^'^ NMej 

(VIII) 

wherein R2. Xi, X2. X3 and X4 have the meanings defined in formula (I) with hydrazine. 
This reaction is preferably carried out in a solvent e.g. an alkanol such as methanol and 
with heating. 

15 In another aspect of the invention compounds of formula (I) may be converted into other 
compounds of formula (T). 

Thus N-oxides of compounds of formula (I) may be prepared by treating a compound of. 
formula (I) with a peroxy acid such as hydrogen peroxide in acetic acid. 
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For example reactions of a compound of fonnula (I) wherein X2 or X3 is N may be 
converted into the corresponding N-oxide i.e. X2 or X3 is N=0 by reaction with hydrogen 
peroxide in acetic acid. 

5 A compound of formula (I) wherein R3 or is halogen e.g. chlorine or bromine may be 
prepared from the of formula (I) wherein X2 is N=0 and Xi is CH or X3 is N=0 and X4 
is CH by reaction with the appropriate pho^horus oxyhalide e.g. phosphorus 
oxychloride or oxybromide. 

10 Compounds of formula (T) wherem R3 or R< is an optionaUy substituted phenyl group 
may be prepared by treating the corresponding compoimd wherein R3 and or R^ is 
brilogen e.g. chlorine or bromine by reaction with the corresponding optionally 
tubstituted phenylboronic acid in the presence of bis(triphenylphosphine) palladium (II) 
dichloride and a base e.g. sodium carbonate. The reaction is preferably carried out in a 

15 solvent e.g. hydrocarbon such as toluene and with heating. 

Compounds of formula (£) wherein Rj or R« is alkoxy e.g. metiioxy may be prepared by 
treating the corresponding compound wherein R3 and or Re is halogen e.g. chlorine or 
bromine with the appropriate alkanol e.g. methanol in the presence of a base such as 
sodium hydroxide. 



20 



Compounds of formula Q) which contain a phenyl group substituted by a methoxy group, 
as a substituent or part of a substiLtuent may be converted into the corresponding 
compound of fonnula (I) wherein the phenyl group is substituted by hydroxy, by reaction 
with boron tribromide in a suitable solvent such as dichloromethane. 
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Compounds of fonnula (I) -wiiereiii R2 is a pheoayl group substituted by 
dialkylaminoalkoxy group may be prepared by reacting the corresponding compound of 
formula Q) v\*ierein R2 is a phenyl group substituted by hydroxy with a suitable base e.g. 
sodium hydride in an aprotic solvent such as dimethylformamide and then the appropriate 
5 diaUdaminoalkylhalide. 

Compounds of formula (I) wherein Xi is CR3 and R3 is bromine may be converted into 
the corresponding wherein R3 is formyl by reaction with n-butylUthium and 
dimethylformamide in a solvaat such as tetrahydrofuran followed by quenching with 
water. 

1 0 Compounds of formula CD wherein R3 is a methyl group substituted by a group selected 
j&om R19NH JI19R20N , or an N linked, 4-7 membered heterocyclic group (containing 
one or two hetero atoms selected from N, O or S(p)n), may be prepared.by r^v : c. 
the corresponding compound wherein R3 is formyl with the appropriate u.^:::-r \' .,. 
R19R20NH or 4-7 membered heterocycle under reductive alkylation conditions. For 

15 example using a cyanoborohydride in a suitable solvent e.g. methanol. In this reaction if 
the groups R19JEI20 or the 4-7 membered heterocycle contains an additional primary or 
secondary amino group then it is desirable to protect these using a conventional nitrogen 
protecting group such as a t-butyloxycarbonyl which may then be deprotected if so 
required. 

20 

. . . -In the-above synthesis of compounds, of formula.(I>wherMnthey.contamaprimary. or 

secondary amino grouping it may be necessary or desirable to carry out these procedures 

wherein the primary or secondary amine is in a protected form e.g. as a carbamate e.g. a 

t-butyl carbamate and thaa the carbamate converted into the required amine by 

25 conventional procedures, for example by the reaction with trifluoroacetic acid. 

22 



P33019 



The nitrile of formula (VII) may be prepared by heating of a compound of formula QI) 
with ethyl cyanoacetate. 

Hie compound of formula (Vm) may be prepared by reacting the nitrile of formula (VII) 
with an acetal of N, N dimethylformamide in a solvent e.g. a hydrocarbon such as ortho 
xylene and with heating. 

Compounds of formula (VI) may be prepared by reaction of the 2-iodo-imidazole 
derivative (IX) 

Re 

(IX) 

wherein R2, Xi, X2. X3 and Xfhave the meanir?- : .•. - / : - /^roiula (I) with the 
compound (X) 

Hljl^^ljl 

(X) 

wherein X? and Xs have the meanings defined in formula (1) 

in the presence of a base and a polar aprotic solvent and then reacting the resultant 

compound (XT) 



^^xr^N X3— X, 



(XI) 

with an alkyl nitrite in the presence of a suitable base. 

Compounds of formula (0) may be prepared by reacting a compound of formula (XII) 
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(XII) 

wherein Xi, X2, X3 and X4 have the meanings defined above and L is a group displaceable 
by the amine R2NH2 e.g. metboxy, bromine, chlorine, fluorine or methoxysulphonyl to 
give the nitro amine (XJH) 



^x:; NHR2 

(XIII) 

followed by reduction of the nitro group by conventional means, for example using 
hydrogen and a pall . . , v . . > on and an organic acid e.g. acetic acid or with 
sodium dithionate. 

When compounds of formula (I) contain an asymmetric centre the specific enantiomers 
arising there from may be obtained by conventional procedures. For example using 
preparative high performance liquid chromatography (HPLC) with a chiral stationary 
phase. 

Physiologically acceptable acid addition salts of the compounds of formula (I) may be 
prepared by conventional procedures, for example by addition of a solution of the 
inorganic or organic acid in a suitable solvent e.g. an alkanol or an ether to a solution of 
the firee base in a solvent such as an alkanol, e.g. methanol or an ether e.g. diethyl ether or 
tetrahydrafuran. 
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The compounds of formula (EDO, (TV), (V) (DC), (X).and (XII) are either known 
compounds or may be prepared, by analogoiis methods to those preparing the known 
compounds. 

The following examples are illustrative ofthe present invention and are not to be 
5 construed as a limitation of the scope of the invention. 



Example 1: 4-(l-Ethyl-lfi'-imidazo[4,5-c]pyridin-2-yl)furazan-3-ylamine 




L : Li> 1. Ethyl-(3-mtropyridin-4-yl)amine 

4-Metiioxy-3-nitropyridine hydrochloride (11. 2g, 58.9mmol) in ethanol (75ml) was 
treated with a 70% solution of ethylamine in water (32ml) and heated under reflux for 1 
hour. Further ethylamine solution (32inl) was added and the mixture heated under reflux 
15 for a further 2 hours. After cooling to room temperature, the solvent was removed in 
vacuo and the residue dissolved in ethyl acetate, washed (x3) with water and saturated 
aqueous sodium chloride solution, dried ova: sodium sulphate and concentrated in vacuo 
to afford the tifle compound (8.7g, 88%); MS (ES+) m/e 168 [M+H]*. 



20 Step 2. iV*-Ethylpyridine-3,4-diamine 

The product from Step 1 (8.7g, 52.0mmol) in ethanol (150ml) was hydrogenated for 18 
hours in the presence of 10% palladium on carbon. After filtration of the catalyst through 
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Kieselguhr, the fQtrate was concentrated in vacuo to afford the title compound (6.7g, 
94%); MS (ES+) m/e 138 [M+H]'^. 

Step 3. (l-Ethyl-lJ5r-imidazol4,5-c]pyridin-2-yl)acetoiiitrUe 

The product from Step 2 (500mg, 3.6mmole) and ethyl cyanoacetate (620mg, 5.5mmol) 
were heated together at 190°C for 20 minutes. After cooling to room temperature, the 
residue was purified by colunm chromatography eluting with 10% methanol in ethyl 
acetate to afford the title compound (250mg, 37%); MS (ES+) m/e 187 [M+H]"^. 

Step 4. 4-(l-Ethyl-m-imidazo(4,5-c]pyridin-2-yl)fui^an-3-ylanune 

The product from Step 3 (200mg, l.lmmol) im methanol (4nil) and 2N hydrochloric acid 
(4ml) was treated pordonwise with sodium nitrite (150mg, 2.2nmiol) and stirred rc r- ? 
temperature for 2 hours. The pH of the mixture was adjusted to 12 by addition ••• ' 1 
sodium hydroxide solution and a 50% solution of hydroxylamine in water (3ml) was 
added. The irdxture was heated at 90°C for 2.5 hours and the reaction allowed to cool to 
room temperature. The resulting precipitate was filtered and dried in vacuo to afford the 
title compound (llOmg, 43%); MS (ES+) m/e 231 [M+H]*. 

Example 2: 4-(l-Cyclopropyl-lfl^imidazo(4,5-c]pyridin-2-yI)furazan-3-ylamine 
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Step 1. Cyclopropyl-(3-nitropyridin-4-yI)amine 

4-Metlioxy-3-iutropyridine hydrochloride (2.0g, 1 1 .Sinmol) and cyclopropylamine 
(1.6ml, 22.6mmol) in ethanol (5ml) was treated with triethylamine (1.7ml, 12.4mmol) 
5 and heated under reflux for 1 8 hours. After cooling to room temperature, the solvent was 
removed in vacuo and the residue dissolved in dichloromethane, washed with water and 
saturated aqueous sodium chloride solution, dried over magnesium sulphate and 
concentrated in vacuo to afford the title compound (1 .7g, 84%); MS (AP+) m/e 180 
[M+H]\ 

10 

Steps 2. 4-(l-Cyclopropyl-lJJ4midazo[4,5-c]pyridin-2-yl)furazan-3-^^^ 

The title compound was prejpared from the product f -l- to I ^^'^^t - +he methods of • : 

Example 1 Steps 2-4; MS (AP+) m/e 243 [M+Hj . ' 

1 5 The following examples were prepared by the general two-step method described in 
Example 2. 





Example 


Amine 


Characterisation 


3 


4-(l -Methyl-l jy-imidazo[4,5" 


Methylamine (8M in 


MS(AP+) m/e 




c]pyridin-2-yl)furazan-3- 


ethanol) 


217 [M+H]"* 




ylamine 






4 


4-(l"CyclohexyHi?- 
imidazo[4,5-c]pyridin-2- 

yl)fixrazan-3 -ylamine 


Cyclohexylamine 


MS (ES+) m/e 
285 [M+H]"'. 
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5 


4<l-Cyclopropylmethyl-lJ¥- 

iimdazo[4,5-c]pyridin-2- 

yl)furazan-3-ylamine 


Cyclopropylmethylamine 


MS(AP+) m/e 
257 [M+EQ* 


6 


4-(l -CyclohexylmethyHif- 
imidazo[4,5-c]pyriciin-2- 
yl)fiirazaii-3 -ylamine 


Cyclohexylmethylainine 


MS(AP+)m/e 
299 [M+H]'' 


7 


4-(l-CyclobutyHfl'- 
imidazo[4,5-c]pyridiii-2- 
yl)fiirazan-3 -ylamine 


Cyclobutylamine 


MS(AP+) m/e 
257 |M+H]* 


8 


4-[l-(2-Ethylbutyl)-lif- 

imidazo[4,5-c]pyridm-2- 

yl)fxirazaii-3-ylamin? 


2-Ethyl-iV^-butylainine 


MS(AP+) m/e 
288 |M+H]* 


9 


4-(-IsoprQpyl-lA?-mi. a ^: ■ 
c]pyridin-2- yl)furazan-3- 
ylamine 


isopropylamine 


MS(AP+) m/e 
245 iM+H]'^ 


10 


4-(l-^ec-ButyH/f- 
imidazo[4,5-c]pyridin-2- 
yi Jliimyrftn- j-yirtii i mo 


jec-Butylamine 


MS(AP+) m/e 
259 [M+H]* 


11 


4-(l-Cyclopeiityl-l H- 
iii)idazo[4,5-c] pyridin-2-yl)- 


Cyclopentylamine 


MS(AP+)m/e 
271 [M+H]"*" 


12 


4-(l-Cycloheptyl-l H- 
iinidazo[4,5-c] pyridin-2-yl- 
furazan-S-ylainine 


Cycloheptylamine 


MS(AP+) m/e 
299 [M+H]'^ 
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13 


4-[l-(2-Dime1iiylamino-l- 


iV^'^'-Diinethyl-l,2- 


MS(AP+) m/e 


- 


methyletiiyl)-li?-iiiiida2o[4,5" 


propanediatnine 


288 [M+H]"' 




c]pyridin-2- yl)furazan-3- 








ylamine 


- 




14 


4-(l-Piperidin-4-yl H- 


4- Amino-piperidine- 1 - 


MS(AP+) m/e 




imidazo[4,5-c] pyridin-2-yl- 


caxboxylic acid ferf-butyl 


286 [M+H]"' 




furazan-3-ylamine 


ester 




15 


4- [ 1 -(4-Diethy lamino- 1 - 


2-amino-5-diethylaiiiino 


MS (AP+) m/e 




methyl-bu1yl)-l H- 


pentane 


344 p^+H]+ 




imidazo[4,5- c ]pyridin-2-yl]- 








furazan-3 -y lamine 






"J •;■ ;4'=Amin6-tiara2an-3-yl)- 


(4-Ainino-butyl)- 


MS (ES+)m/e 




, : n -lazo[4,5-c]pyridin-i-yl]- 


carbamic acid tert -butyl 


374 [M+H]+ 




butyl}-carbamic acid tert-butyl 


ester 






ester 







Examples 17 and 18: (+)-4-[l-(Pimethylammomethylethyl)-LEr-imidazo[4,5- 
c]pyridin-2- yl)farazan-3-ylamine and (-)-4-[l-(Dimethylaminomethylethyl)-l-ir- 
imidazo[4,5-clpyridin-2-yI)furazan-3-ylamine 
5 The racemic product of Example 13 was separated into the title enantiomeric forms by 
preparative LC using Chiralcel OD, 10 micron particle size; 250 mm x 4.6 mm i.d.; n- 
Hexane : Ethanol, 99.7% v/v - 100% v/v ( 80:20 v/v ); 1.0 ml/min; UV detection at 215 
nm yielding the (+) enantiomer [a]D + 6.8° ; HPLC fR 8.2min and the (-) enantiomer 
[a]D-2.2°;HPLCtR9.0min. ■ 
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Example 19: 4-[l-(4-Methoxy-pheny]0-lJ3'-™"dazo[4,5-^]pyridm-2-yll-fu^ 
ylamine 




OMe 



Step 1: (4-Methoxy-phenyl)-(3-nitro-pyridin-4-yI)-amine 

To a solution of 4-chloro-3-mtxopyridine CKruger J, Mann F.G, J. Chem. Soc, 1955, 
2755) (700mg, 4.41mmol) in ethanol (10ml) was added 4-meflioxyaniline (1.087g, 
8.82mmoi), followed by sodium acetate (362mg, 4.41mmol). The mixture was heated 
under reflux for 16 hours,.cooled to room temperature and diluted witibi water (30a. '■ ru 
resulting precipitate was collected by filtration, washed with water (x3) and dried in 
vacuo to afford the title product (SOOmg, 74%). MS (ES+) m/e 246 [M+H]+ 

Step2:4-[l-(4-Methoxy-phenyl)-lH-imidazo[4,5-clpyridm-2-yl]-furazan-3-ylamme 

The title compoimd was prepared firom the product of Step 1 using the methods of 
Example 1 Steps 2-4; MS (AP+) m/e 243 [M+H]*. 

The following examples were prepared by the general two-step method described in 
Example 19. 
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Example 


Aniline 


Characterisation 


20 


4-(l -Phenyl-! i?-imidazo[4,5- c 
]pyridin-2-yI)-furazan-3-ylarQme 


Aniline 


MS (ES+) m/e 
279 [M4:H]+ 


21 


4-[l -(4-Amino-phenyl)-lH- 
imidazo[4,5-c]pyridin-2-yl]- 
furazaii-3 -ylamine 


4-amiTio 
acetanilide 


MS (ES+)m/e 
294 [M+H]+ 



Example 22: 4-[2K4-Aiiiino-furazan-3-yl)-imidazo[4,5-c]pyridm-l-yl]-phenol 




OH 

5 

To a solution of Example 19 (lOOmg, 0.32minol) in anhydrous dichloromethane (10ml) 
stirred at 0°C, was added dropwise boron tribromide (1.0 M solution in dichloromethane, 
2.91ml, 2.92mmol) aud the mixture stirred at room temperature for 16 hours. The 
reaction was quenched with water (20ml), basified to pH 14 with 50% sodium hydroxide 
10 solution. The aqueous phase was washed with dichloromethane (x3), neutraUsed with 5N 
hydrochloric acid, and the resulting precipitate collected, washed with water (x3), diethyl 
ether and dried in vacuo to yield the titie product (59mg, 62%). MS (ES+) m/e 295 

[M+H]+. 
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Example 23: 4-{l-[4-(2-Dimethylamino-ethoxy)-phenyl]-l jr-imida2o[4^- c 



]pyridin-2-yl}-fiarazan-3-ylamine hydrochloride 



a: 




\ 



5 



To a solution of the product of Example 22 (30mg, 0.102mmol), in N.N- 
dimethylfonnamide (2ml), was added sodium hydride (60% dispersion in oil, 4mg, 
O.lOmmol). After 5 minutes at rr r .v . mature 2-(dimethylamino)ethyl chloride . . 
hydrochloride (15mg, 0.102 .ti :) t^\l\'jz-;^-i^\ hydride (4mg, 0.102inmol) were added 

10 and the reaction heated at 60°C toi J i.c tcs. The solvent was evaporated in vacuo to yield, 
a residue v^*ich was partitioned between ethyl acetate and 2M sodium hydroxide 
solution. The organic phase was washed with water (x3), dried over anhydrous sodium 
sulphate and evaporated in vacuo. Pvirification of the residue by silica gel 
chromatography eluting with 10% methanol in dichloromethane gave the free base of the 

1 5 title compound. The product was dissolved in methanol (1ml) and treated with 

hydrochloric acid (IM solution diethyl ether, 36ul, 0.036mmol) and evaporated in vacuo 
to yield the title cpmjpound (14mg, 32%). MS (ES+) m/e 366 [M+Kq"*;- _ 

Example 24: 4-[l-(4-Amino-butyl)-l H -imidazo[4,5- c ]pyridin-2-yl]-furazan-3- 
20 ylamine 
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IS 




A solution of the product of Example 16 (155mg, 0.415mmol) in anhydrous 
5 dichloromethane (4ml) was treated with trifluoroacetic acid (4ml), and stirred at room 



organic phase was washed with water (x3), and dried over anhydrous sodium sulphate, 

and the <;r.V/ent evaporated in vacuo. The residue was purified by siUca gel 

. ^ ' .duting with a mixture of 0.880 ammonia:methanpl:dichloromethane 

(1 :9;i G; 4foxd the title product (52mg, 46%). MS (ES+) m/e 274 |M+BQ+. 
Example 25: 4-(7-Bromo-l-efhyl-lJT-imidazo[4,5-c]pyridin-2-yl)furazan-3-ylamine 



Step 1. (3-Bromo-S-mtropyridin-4-yl)ethylamine 

To a solution of the product of Example 1 Step 1 (3.0g, 17.9nmiol) in acetic acid (40ml) 
was added bromine (3.12g, 1ml, 19.7nunol) and the mixture was heated at lOO'C for 20 
20 hours. After cooling the solvent was removed in vacuo and the residue was partitioned 



temperature for 0.5 hours. The solvent was evaporated in vacuo and the residue 
partitioned between dichloromethane and saturated sodium bicarbonate solution. The 



15 





between dichloromethane and saturated sodium bicarbonate solution. The organic phase 
■was washed with water (x3), dried and evaporated in vacuo. Purification of the residue 
by sUica gel chromatography eluting with 50% dichloromethane in ethyl acetate afforded 
the title compound (1.9g, 43%). NMR (DMSO-dg) 8.73 (IH, s), 8.52 (IH, s), 7.0 (IH, 
5 br), 3.25 (2H, m), 1.16 (3H, t, J 7.2Hz). 

Step 2. 5-Bromo-JV^-Ethylpyridine-3,4-dianiine 

A solution of the product of Step 1 (O.Sg, 2mmol) in ethanol (Sml) / water (10ml) was 
stirred at 60°C and sodium dithionite (2.12g, 12.2inmol) was added protLonwise. After 10 
1 0 minutes Ae mixture was cooled to room temperature, and diluted with water and 

dichloromethane. The organic phase was dried and evaporated in vacuo, the residue was 
used directly in the next reaction; *H NMR (DMSO-de) 7.76 (IH, s), 7.75 (IH, s), 5 .0 
(2H, br), 4.46 (IH, t, J9.6HZ), 3.26 (2H, m), 1.06 (3H, t, J7.2HZ). 

1 5 Step 3. 4-(7-Bromo-l-ethyl-LEr-imidazo [4,5-c]pyridin-2-yl)furazan-3-ylamme 
The title compound was prepared from the product of Step 2 using the methods of 
Example 1 Steps 3 aud 4; MH (ES+) m/e 309/311 [M+H]*. 

Example 26: 4-(l-EthyI-7-phenyl-l^r-imidazo[4,5-c]pyridm-2-yI)farazan-3-ylamme 

20 
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A mixture of the product of Example 25 (50mg, 0.161mmol), phenylboronic acid (30mg, 
0^43mmol), bis(triphenylphosphine)paUadium (II) dichloride (llmg, 0.0161mmol), 
sodium carbonate solution (2M, 0.25ml) and toluene (3ml) was heated at 100*^0 for 3 
hours. After cooling to room temperature the solvent was evaporated in vacuo and the 
residue purified by sihca gel chromatography eluting with 50% dichloromethane in ethyl 
acetate to afford the title compound; (45mg, 92%). MS (ES+) m/e 307 [M+H]+ 



The following examples were prepared by the general method described in Example 





Example 


Boronic acid 


Characterisation 


27 


4-[l-Ethyl-7-(4- 
methoxyphenyl)-li?- 
imidazo[4,5-c]pyiidiii-2- 
yl]furazan-3-ylairdne 


4-Methoxyphenylboronic 
acid 

• 


MSCES+) m/e 


28 


4-(l-Ethyl-7-thiophen-2-yl-liy- 
iinidazo[4,5"-c]pyridm-2- 

yl)furazan-3-ylamine 


Thiophene-2-boroiiic 
acid 


MS (ES+) m^e 
313 [M+H]''. 



The following example were prepared by the general method described in Example 26, 
replacing the toluene solvent by 1,2-dimethoxyethane. 



29 


4.[7-(4-AmiTiome1iiylphenyl)- 


4-(Aminomethyl)- 


MS (AP+) m/e 




l-ethyHi?'-imidazo[4,5- 


phenylboronic acid 


336 [M+H]'*'. 




c]pyridin-2-yl]furazaa-3- 


hydrochloride 






ylamine 
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Example 30: 4-(l-Ethyl-5-oxy-lJEr-imidazo[4,5-c]pyridm-2-yl)furazan-3-yIamme 




5 

A solution of the product of Example 1 (200mg, 0.869mmol) in acetic acid (2ml) was 
treated with hydrogen peroxide (30%, O.lOSmg, 0.957inmol) and the mixture heated 90^0 
for 5 hours. After cooling to room temperature the nuxture was poured into sodium 
carbonate solution and extracted with d' A J vt - inJBliiane (x4). The organic phase was 
1 0 dried, the solvent was eVaporate-I V, i- x J . * J..£esidue purified by silica gel 
chromatography eluting with 15% metii3:x:. ,I^^d^ohloromethane, to afford the title 
compound (130mg. 53%); MS (ES+) m/e 247 [M+H]+ 

Example 31: 4-(4-Cldoro-l-ethyl-lJJ-iniidazo[4,5-c]pyridm-2-yl)furazaH-3-ylamiiie 

15 




A solution of the product of Example 30 (80mg, 0.325mmol) in phosphorus oxychloride 
(4ml) was heated at 120**C for 6 hours. After cooling to room tempierature the mixture 
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was concentrated in vacuo and the residue partitioned between dichloromethane and 
saturated sodium hydrogen carbonate solution. The organic phase was dried and the 
solvent was evaporated in vacuo to afford the titie compound (81mg, 100%) which was 
used directiy in the next reaction; MS (ES+) m/e 265/267 |M+H]+ 

5 

Example 32: 4-(l-Ethyl-4-phenyl-l£r-imidazo[4,5-c]pyridin-2-yl)furazan-3-ylamine 




10 The title compound was prepared jfrom the product of Example 30 and phenylboronic 
acid by the general method described in Example 26. MS (ES+) m/e 307 IM+H]+. 

Example 33: 3-(l-Ethyl-l fl:^imidazo[4,5-c]pyridiii-2-yl)-pyrazm-2-yIamine 

To polyphosphoric acid, preheated to 130°C, was added in one portion an intimate 

mixture of tiie product of Example 1 Step 2 (206 mg, 1 .5 mmol) and 3-aminopyrazine-2- 

carboxylic acid (230 mg, 1.65 mmol). The temperature was increased tol95°C for 1 hour 
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and then cooled back to 130*C for a fbrther 1 hour. The viscous oil was poured on to ice 
containing saturated sodium carbonate solution and diethyl ether (5 ml) and the aqueous 
solution was extracted with chloroform (x5). The combined organic extracts were washed 
with brine, dried over anhydrous magnesimn sulfate and concentrated in vacuo.. The 
5 crude solid was purified by silica gel chromatography eluting with a gradient of 

dichloromethane to 0.880 aiimionia:ethanol:dichloromethane (1:9:40), to afford the title 
compound, (20mg, 6%); MS(ES+) m/e 241 [M+H]*. 

» 

10 Example 34: 3-(l-Ethyl-l fi^-imidaTO[4,5-c]pyridin-2-yl>pyridm-2-ylaiiime 



The title compound was prepared firom the product of Example 1 Step 2 and 2- 
15 aminonicotinic acid by the method described in Example 33; MS(ES+) m/e 240 [M+H]^ 

Example 35: 4-(l-Ethyl-l^-imidazo[4,5-c]pyridm-2-yl)-lJT-pyrazoI-3-yIamme 





r 
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step 1. Dimethylammo<l-ethyl-lJJ-imidazo[4,5-c]pyridm^^^ 

The product of Example 1 Step 3 (334mg. LSnamol) and iVi iST-diinethylfonnainide 
dimethylacetal (214mg, l.Smmol) in orr/io-xylene (4ml) was heated under reflux for 45 
min. After cooling, the solution was concentrated and the residue co-evaporated with 
5 toluene (x3) to afford the title compound which was used directly in the next step; MS 
(ES+) m/e 242 (M+H)"^. 

Step 2. 4Kl-Ethyl-lJJ-imidazo[4,5-c]pyridin-2-yl)-LEr-pyrazol-3-ylamine 
The product of Step 2 (217mg, 0.9mmol) and hydrazine hydrate (90mg, 1 .8mmol) in 
10 methanol (5ml) was heated under reflux for 5 hours. After cooling, the reaction mixture 
was concentrated and the residue purified by silica gel chromatography eluting with 
0.880 ammonia:ethan61:dichloromethane (1:9:90), to afford the ti*^- ^ •: • . . > . C27mg, 
13%); MS (ES+) m/e 229 [M+H]"^. 

15 Example 36: 4-(l-Ethyl-lJT-imidazo[4,5-c]pyridin-2-yI)-l-methyl-LHr-pyrazol-3- 
ylamine 




Step 1. 4-(Bromo-l-methyl-Lff-pyrazol-3-yl)-carbamic acid tert-butyl ester 
20 A solution of 4-bromo-l-methyl-lif-pyrazol-3-ylamine (2.1g, 1 1 .9mmol), di-rerf-butyl 
dicarbonate (5.2g, 23.9nmiol), 4-(dimethylamino)pyridine (1.45g, 11.9mmol) in 1,2- 
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dichloroethane (30ml) was stirred at room temperature for 3 hours. The reaction mixture 
was concentrated and the residue dissolved in a mixture of methanol (15ml) and sodium 
hydroxide solution (2M, 7.5ml, 15mmol) and heated at 60°C for 2 hours. After cooling, 
the reaction mixture was concentrated and the residue partitioned between ethyl acetate 
5 and water. The organic phase was washed with water, brine, dried and concentrated in 
vacuo. The residue was purified by silica gel chromatography eluting with ethyl acetate, 
to afford tiie titie compound, (1.44g, 44%); MS (AP-) m/e 275/277 [M-H]". 

Step 2. 4-(FormyH-methyl-lJ?-pyrazol-3-yl)-carbaniic acid tert-hntyl ester 
10 A solution of the product of Step 1 (1 .4g, 5mmol) in tetrahydrofiiran (30ml) at -78°C 
under argon atmosphere was treated dropwise with n-butyl lithium (4.4ml, 2.5M in 
• hexanes, llmmol). After stirring at -7?°C v: ^^lt^s the reaction inixture was 
warmed to 0°C for 30 minutes and i.^.--. - . ^ . : l. : . S'S. iV;iV-Dimethylformamide 
(43 8mg, 0.46ml, 6mmol) was added and the solution warmed to room temperature over 2 
15 hours. Saturated ammonium chloride solution was added and the mixture was extracted 
with ethyl acetate. The organic phase was washed with water, brine, dried and 
concentrated in vacuo. The residue was purified by silica gel chromatography eluting 
with ethyl acetate, to afford the titie compound, (120mg, 1 1%); NMR (CDCI3) 9.76 
(IH, s), 8.5 (IH, br), 7.70 (IH, s), 3.91 (3H, s), 1.52 (9H, s). 

20 

-Step 3. [4^(l-EthyUlJJ-imidazo[4,5=rclpyridin-2ryl)rl-^ 

carbamic acid tert-hntyl ester 

The product of Step 2 (llOmg, 0.5mmol), the product of Example 1 Step 2 (68mg, 

0.5nmiol) and sodium hydrogen sulfite (208mg, 2mmol) in iy;iV-dimethylfonnamide 

25 (3ml) was heated at 120 for 2 hours. After cooling, the reaction mixture was 

40 



P33019 



r 



partitioned between dichloromethane and brine. The organic phase was washed with 
water, brine, dried and concentrated in vacuo. The residue was purified by silica gel 
chromatography eluting with 10% chloroform in methanol, to afford the title compound, 
(64mg, 53%); MS (ES+) m/e 343 [M+H]*^. 

5 

Step . 4-(l-Ethyl-lJy-iimdazo[4,5-c]pyridm-2-yl)-l-methyl-m^ 
The product from Step 3 (58mg, 0.17mmol) was stirred in trifluoroacetic acid (0.5 ml) 
and dichloromethane (1ml) at room temperature for 1 hour and the solution was then co- 
evaporated three times with dichloromethane. The residue was purified by silica gel 
10 chromatography eluting with 0,880 ammonia:ethanol:dichloromethane (1 :9:90), to afford 
the title compound, (29mg, 70%); MS (ES+) m/e 243 [M+H]^. 

Exampie 1^ - > : ' ^' it T-^piperazin-l-yto 
fiirazan-3-ylamme 

15 




Step 1- 2-(4-Amino-furazan-3-yl)-l-ethyI-LBr-imidazo[4,S-c]pyridm 
A solution of the product from Example 25 Step 3 (O.lg, 0.324mmol) in tetrahydrofuran 
(4ml) at -IS'^C was treated with a 1 .6M solution of n-butyUithium (0.6ml, 0.97nmiol) in 
20 hexanes. After 5 minutes the mixture was treated with dimethylformamide (0.3ml) and 
allowed to reach room temperature. After 30 minutes at room temperature the reaction 
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was carefuUy quenched with water and extracted into dichloromethane (x2). The organic 
layer was then washed with brine, dried (Na2S04) and reduced m vacuo. The residue was 
purified by silica gel chromatography eluting with ethyl acetate, to afford the title 
compound, (0.034g, 41%); MS (ES+) m/e 259 [M+H]*. 

5 

Step2.4-[2-(4-Amino-furazan-3-yl)-l-ethyl-l-lJy-imidazoI4,5-c]pyridin-7-yl^ 
piperazine-l-carboaylic acid tert-hntyl ester 

A solution of the product from Step 1 (0.05g, 0.194mmol) in methanol (2ml)was treated 
10 with piperazine-l-carboxylic acid tert-hntyl ester (0.072g, 0.388mmol), 

(polystyryhnethyl)trimethylanunonium cyanoborohydride (0.097g. 0.388mmol, 4mmol/g 
loading) and a few drops of glacial acetic acid. The mixture was stirred for 1 8 hours at 
room temperature and then filtered through ceUte and reduced in vaciw. The residue was 
purified by siUca gel chromatography eluting with ethyl acetate, to afford the title 
15 compound, (0.035g, 42%); MS (ES+) m/e 429 [M+H]*. 

Steps. 4-(l-Ethyl-7-piperazin-l-ylmethyl-lH-imida2oI4,5-c]pyridm-2-yl)-fura^ 
3-ylamine 

20 A solution of the product from Step 2 (0.035g, 0.082mmol) m dichoromelhane (1ml) was 

.treated withtlifluoroacetic acid (lml),_ AilOT 2 hours the reaction was reduced /« vac«o,_ 

dissolved in methanol and appUed to a SCX ion exchange column and eluted with 
methanol and then a mixture of metiianol/0.880 ammonia (9:1). The basic fractions were 
then reduced to afford the titie compound, (0.022g, 82%); MS (ES+) m/e 329 [M+H]* 

25 
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The following examples were prepared jfrom Example 37 St^ 1 Tisiog the two-step 
method described in Example 37 Steps 2 and 3 





Example 


Amine 


Characterisation 


38 


1 -[2-(4-Amiao-furazan-3- 

imidazo[4,5-c]pyridin-7- 

ylmethyl]-piperidin-4" 

ylamine 


Piperidin-4-yl- 

carbanaic acid tert- 
butyl ester 


MS(ES+) m/e 343 [M+H]" 


39 


[2-(4-Amino-furazan-3 - 

yl)-l-ethyl-lif- 

imida2o[4,5-c]pyridin-7- 

ylmethyl]-piperidin-4-yl- 

amine 


4-Amino- 
piperidine-1- 
carboxylic acid 
/er/-butyl ester 


MS (ES+) m/e 343 [M+H]" 


The following examples were prepared from Example 37 Step 1 using the method 
described in Example 37 Step 2 




Example 


Amine 


Characterisation 


40 


4-{7-[(4-Bromo- 
benzylamino)-methyl]-l- 
ethyHiy-imidazo[4,5-c] 
pyridm-2-yl} -furazan-3 - 
ylamine 


4-Bromo- 
benzylamine 


MS(ES4-) m/e 429 [M+H]" 
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4-{l-Ethyl-7-[(3-methoxy- 


3-Methoxy- 


MS (ES+) m/e 380 [M+H]" 




ben2ylarnino)-inethyl]-lif-- 


benzylamine 






imidazo[4,5-c]pyridin-2- 








yl}-flirazan-3-ylamine 







Example 42: 4-(l-Ethyl-4-methyl-li7-imidazoI4,5-c]pyridm-2-yl)-furazan-3-ylamine 




A solution of the product of Example 31 (O.lg, 0.377mmol) in 1,4-dioxan (8ml) was 
treated with a 2M solution of trimethylaluminium (0.378ml, 0.755mmol) in toluene and 
bis(triphenylphosphiae)paUadium (U) dicb^ '■. /0377mmol). The mixture ... 

was heated at reflux for 4 hours and then coc • s' ^ - ir '^iperature, quenched carefully 
with water, poured into dichloromethane and washed with saturated sodium bicarbonate 
solution. The organic layer was then dried, reduced and the residue chromatogr^hed on 
silica gel eluting with a mixture of dichloromethane and methanol (9.5/0.5) to afford the 
title compound, (0.022g, 13%); MS (ES+) m/e 245 [M+H]*. 

Example 37 ; 4-(3-ethyl-3£r-imidazo[4,5-clpyridin-2-yl)-furazan-3-ylamine 
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step 1. Ethyl-(4-mtro-l-oxy-pyridiii-3-y]0-ainiiie 

A solution of 3-bromo-4-mtropyrimidine-l-oxide (Daisley, R.W., Hanbali, J.R.; Org. 
Prep. Proced. Int., 1983, 15(4), 280) (8.1g, 37mmol) in chloroform (250ml) at 0°C was 
teated with ethylamine (70% aqueous solution, 25ml). After stirring at room temperature 
for 3 hours additional ethylamine solution (25ml) was added and stirring continued for a 
further 3 hours. The solution was concentrated in vacuo and the residue was purified by 
silica gel chromatography, eluting with a gradient of 10% ethylacetate/hexane to 
ethylacetate to afford the title compound, (3.68g, 54%); *H NMR (CDCI3) □ 8.02 (IH, d, 
J 7.6Hz), 7.92 (IH, d, J 1.6Hz), 7.81 (IH, br s), 7.46( IH, dd, J=7.6, 1.6Hz), 3.32 (2H, 
m),1.40(3H,t,J7.2Hz). 

•Step2.iV-3-e^fci^W■-■■'^^^^^ - ■ 

The product of step 1 (3.68g, 20mmol) was dissolved in a 1:1 mixture of 
1 5 ethanohtetrahydrofiiran (3 00ml) and hydrogenated at room temperature and atmospheric 
pressure using raney nickel (ca. Ig) for 18 hours. The catalyst was removed by filtration 
on a filter aid pad and the filtrate concentrated in vacuo to afford the title compound 
which was used without fiirther purification, (2.72g, 99%); NMR (DMSO) 7.53 (2H, 
m), 6.43 (IH, d, J 4.8Hz), 5.50 (2H, br s), 4.42 (IH, br s), 3.01 (2H, m), 1.21 (3H, t, J 
20 7.2Hz) 

Step 3. 3-ethyl-3H-imidazo[4,5-c]pyridin-2-yl)-acetonitriIe 
The title compound was prepared firom the product of step 2 using the analogous 
procedure to that used in example 1, step3, (1 .56g, 1 Immol), ajffording (1 .09g, 49%); 

45 
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NMR(CDCl3)8.88(lHd,J 0.8Hz). 8.49 (IH, d, J 5.6Hz), 7.68(lH,dd, J5.6,0.8Hz), 
4.38 (2H, q, J lAHz), 4.13 (2H, s), 1.59 (3H, t, J 7.4Hz). 

Step 4. 4-(3-ethyI-3H-imida2o[4,5-c]pyridin-2-yl)-furazan-3-ylamme 
5 The title compotind was prepared from the product of step 2 using the analogous 

procedure to that used in example 1, step 4, (l.OSg, 5.5 mmol) affording (240mg, 49%); 
MS(ES+) m/e 231 |M+H]^ 

£xample37: 4-(l-Ethyl-7-piperazin-l-ylmethyl-lH-imidazo[4,5-c]pyridin-2-yl)- 
10 furazan-3-yIamine 



Step 1. 2-<4-Amino-furazan-3-yQ-l-ethyl-LEr-imidazo[4,5-clpyridine-7-carba^^ 

A solution of the product from Example 25 Step 3 (O.lg, 0.324mm6l) in tetrahydrofuran 
15 (4ml) at -78°C was treated with a 1.6M solution of n-butyllithium (0.6ml, 0.97mmol) in 
hexanes. After 5 minutes the mixture was treated with dimethylformamide (0.3nd) and 



was carefully quenched with water and extracted into dichloromethiane (x2). The organic 
layer was then washed with brine, dried (Na2S04) and reduced in vacuo. The residue was 
20 purified by silica gel chromatography eluting with ettiyl acetate, to afford the title 
compound, (0.034g, 41%); MS (ES+) m/e 259 [M+H]''. 




allowed to reach room temperature. After 30 minutes at room temperature the reaction 
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•c: - 

Step 2..4-[2~(4-Amino-furazan-3-yl)-l-ethyl-l-l^-im^ 
piperazine-l-carbosylic acid tert-butyl ester 

5 A solution of the product from Step 1 (0.05g, 0. 1 94mmol) in methanol (2ml)was treated 
with piperazdne-l-carboxylic acid tei-t-hutyl ester (0.072g, 0.388mmol), 
(polystyryImethyl)trimethylanmioiiiinn cyanoborohydride (0.097g, 0.388mmol, 4mmol/g 
loading) and a few drops of glacial acetic acid. The mixture was stirred for 18 hours at 
room temperature and then filtered through celite and reduced in vacuo. The residue was 
1 0 purified by silica gel chromatography eluting with ethyl acetate, to afford the title 
compound, (0.035g, 42%); MS (ES+) m/e 429 [M+H]"^. 

Step 3. 4-(l-Ethyl-7-piperaziii-l-ylmethyl-lH-imidazo [4,5-cl pyridis*-3 ; > « r * /^^^ 
3-yIamine 

15 

A solution of the product from Step 2 (0.03 5g, 0.082mmol) in dichoromethane (1ml) was 
treated with trifluoroacetic acid (1ml). After 2 hours the reaction was reduced in vacuo, 
dissolved in methanol and applied to a SCX ion exchange column and eluted with 
methanol and then a mixture of methanol/0.880 ammonia (9: 1). The basic fractions were 
20 then reduced to afford the titie compound, (0.022g, 82%); MS (ES+) m/e 329 [M+H]'*'. 

The following examples were prepared from Example 37 Step 1 using the two-step 
method described in Example 37 Steps 2 and 3 



47 



P33019 






Example* 


Amine 


Characterisation 


38 


1 -[2-(4- Amino-fur azaii-3 - 
yl)-l-ethyHi?'- 
imidazo [4,5"C]pyridin-7- 
ylmethyl]-piperidin-4- 
ylamine 


Piperidin-4-yl- 
carbamic acid tert- 
butyl ester 


MS(ES+) m/e 343 [M+H]"^ 


39 


[2-(4-Amino-furazan-3- 

yl)-l-ethyH/Z'- 

iinidazo[4,5-c]pyridiii-7- 

yline1hyl]-piperidiii-4-yl- 

amine 


4-Amino- 
piperidine-1- 
carboxylic acid 
tert-hvityl ester 


MS (ES+) m/e 343 [M+H]" 


The 
desc 


following examples were prepared from Z.^:: ■ . 
bribed in Example 37 Step 2 


"l using the method 




Example 


Amine 


Characterisation 


40 


4-{7-[(4-Bromo- 
ben2ylamino)-methyl]- 1 - 
ethyHif-imidazo[4,5-c] 
pyridin-2-yl} -fiirazan-3- 
ylamine 


4-Bromo- 
ben2ylamine 


MS(ES+)m/e 429 [M+H]" 


■41 


4-{ l-Ethyl-7^[(-3^methoxy- 
beiizylamino)-me1iiyl]- IH- 
imidazo[4,5-c]pyridin-2- 
yl} -furazan-S-ylamine 


•3-Methoxy- - 

benzylamine 


MS (ES+).m/e 380- [M:tH]t - 
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Example 42: 4-(l-Ethyl-4-methyl-Lff-imidazo[4,5-c]pyridin-2-yl)-furazan-3-yIamine 




A solution of the product of Example 31 (O.lg, 0.377iimiol) in 1,4-dioxan (8ml) was 
treated with a 2M solution of trimethylaluminium (0.378ml, 0.755mmol) in toluene and 
5 bis(triphenylphosphine)palladiimi (II) dichloride (0.026g, 0.0377mmol). The mixture 
was heated at reflux for 4 hours and then cooled to room temperature, quenched carefully 
with water, poured into dichloromethane and washed with saturated sodium bicarbonate 
solution. The organic layer was then dried, reduced and the residue chromatographed on 
silica gel eluting v:^" . :. . " . . • - ' ?ichlprpmethane and methanol (9.5/0.5) to afford the 
10" title compound, (u.O.:/c- ^' -^^^ 

Example 43: 4:(3-Ethyl-5-oxy-3H-imidazo[4,5-clpyridin-2-yI)-furazan-3-ylamine 




The product of Example 37, Step 4 (362mg, 1.6mmol) in acetic acid (2ml) was treated 
with 30%wt aqueous solution of hydrogen peroxide (432mg, 3.1mmol) and the solution 
was heated at 80°C for 18 hours. After cooling to room temperature the mixture was 
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basffied with solid sodium carbonate and extracted wiHi chloroform (x5). The combined 
extracts were washed with brine, dried over anhydrous sodium sulfate and concentrated 
in vacuo. The residue was purified by column chromatography eluting with 0.880 
ammonia:ethanol:dichloromeiiiane (1 :9:90 ) to afford the title product, (370mg, 96%); 
5 MS(ES+)m/e247[M+H]*. 

Example 44: 4-(3-ethyl-4-methoxy-3£r-imidazo[4,5-clpyridiii-2-yl)-furazan-3- 
ylamine 




The product of Example 43 (370mg, l.Smmol) in phosphorous oxychloride (5ml). was 
heated at reflux for 4 hours. The solution was cooled and co-evaporated with toluene, 
the residue was baafied with ice cold sodium carbonate and the aqueous solution 

15 extractedwithethyracetate(x3). The combined extracts were washed with brine, dried 
over anhydrous sodium sulfate and concentrated in vacuo. The residue was suspended in 
a solution of 50% sodium hydroxide (5ml), containing methanol (5ml) and heated at 80°C 

jfor 5. hours. The solution was concentrated in yacm.and the residtir^ wet solid.that.was. 

extracted with ethyl acetate (x3). The combined extracts were washed with water (x2), 

20 brine, dried over anhydrous sodium sulfate and concentrated in vacuo. The residue was 
purified by colmnn chromatography eluting with a gradient of didbloromethane to 0.880 
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anmiomarethLanohdichloronnethane (1:9:90), to afford Uie title compound (SOmg, 8%); 
MS(ES+) m/e 445 [M+H]"'. 

5 



10 



15 



25 
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Claims 



1 , A compoimd of the general formula (T) 



^1 I 
R2 

(I) 

and physiologically acceptable salts and or N-oxides thereof wherein, 
Xi is N or CR3; X2 isN or CR4; X3 is N or CRs; X4 is N or CRe. 
witii the proviso that at least one but not more tiian two of Xi, X2, X3 and X4 
represents N. 

Ri is a 5-, or 6- membered heterocyclic group selecte-?. *i ~r r -^oup a, b, c or d 
NH, 




tl 

Xe Xs 

(a) 

whereia X5 is a group selected ftom N or CR7 and X^ is a group selected from O, S 
orNRg; 

NH, 



Xa=X, 

(b), __ _ 

wherein X7 and Xg which may be the same or differrait is a group selected from N or 

CR9; 
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^10 \ 



wherein X9 is a group selected from O, S or NRj and X9 is N or CRio; 




wherein Xu, Xn and X13 may be the same or different and selected from a group N or 
CRii; 

RaandRs indepen'-; ' " • J -ydrogen, hydroxy, aryl, heteroaryl, C3- 
7cycloalkyl,heterocyciiv: -; . .-.■^ YRiz. N=Ri3, CONR14R15, NHCORig. S02>IRi4Ri& 
or Ci-ealkyl [optionally substituted by a group selected from optionally substituted 
phenyl, Ca-vcycloalkyl, heteroaryl, heterocyclyl, acylamino, NH2, R19NH, RigRzoN, 
SO2NR14R15, CONR14R15, NHCOR16 or NR17SO2R18 group]; 
R3, Rt, R5,R5,R7,R9JR-io and Rn independently represent a group selected from 
hydrogen, halogen, hydroxy, R19O, Ri9S(0)„, NH2, Ri9NH, R19R20N, nitro, fonnyl, 
Ci^alkanoyl, optionally substituted phenyl, heteroaryl, cycloalkyl, cycloalkylalkyl, 
aryloxy, heteroaryloxy, heterocyclyl, CONRisRis, NHCORie, SO2NR14R1S, 
NR17SO2R18 or Ci^alkyl [optionally substituted by a group selected from optionally 
substituted phenyl, Cs-ycycloalkyl, heteroaryl, heterocyclyl, NH2, R19NH, R19R20N , 
acylamino, hydroxy, CONR14R15, NHCORie. SO2NR14R15 or NR17SO2R20 group]; 
Y represents O, NH or S(0)„; 
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Ri2 represents aryl, heteioaryl, cycloalkyl, heterocyclyl or Ci^alkyl [optionally 
substituted by a group selected from optionally substituted phenyl, Ca-Tcycloalkyl, 
heteroaryl, heterocyclyl, NH2, R19NH, R19R20N , acylamino, hydroxy, CONR14R15, 
NHCOR16. S02NRi4Ri5or NR17SO2R18 group]; 

Ri3 represents an alkylidene group which may be substituted by an aryl, heteroaryl, 
heterocyclyl or cycloalkyl group or R13 represents a cycloalkylidene or 
heterocycloalkylidene group. 

Ri4 and R15 independently represent hydrogen, aryl, heteroaryl, cycloalkyl or Cu 
ealkyl [optionally substituted by a group selected from optionally substituted phenyl, 
C3.7cycloalkyl, heteroaryl. heterocyclyl, NH2, R19NH, R19R20N , or acylamino group] 
Ri5 together with the nitrogen atom to which they are attached form a 4-7 
. : Lie ring which may be saturated or unsaturated and optionally contaii^ 
another heteroatom selected from 0,N or S(0)n; 

R16 and Ri8 mdependently represent ,aryl, heteroaryl, heterocyclyl,cycloalkyl or Ci. 
ealkyl [optionally substituted by a group selected from optionally substituted phenyl, 
C3.7cycloalkyl, heteroaryl, heterocyclyl, NH2, R19NH, R19R20N , or acylamino group] 
or the group lSfRi4Ri5 wherein R14 and R15 have the meanings defined above; 
Ri7 represents hydrogen, aryl, heteroaryl, cycloalkyl or Ci^alkyl [optionally 
substituted by a group selected from optionaUy substituted phenyl, C3-7cycloalkyl, 

. heteroaryl, heterQcyclyl,.NH2,-Ri9NH_ R19R20N . or acylainino groupji 

Ri9 and R20 independently represent a group selected from Ci^ alkyl, C3.7cycloalkyl, 
C3.7cycloalkylalkyl, aryl, aralkyl, heteroaryl, heteroarylalkyl, heterocyclyl or 
heterocyclylalkyl; 
n is zero, 1 or 2. • 
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2. A compounds as claime in claim wherein only one of Xi, X2, X3 or X4 represents N. 

3 . A compound as claimed in claim2 wherein X2 or X3 represent N . 

5 4. A compound as claimed in any of claims 1 to 3 wherein X3 represents N 

5. A compound as claimed in claim 1 wherein Xi and X3 each represents N . 

6. A compound as claimed in any of claims 1 to 5 wherein Ri is a group selected from 
(c)or(d). 

7- A compound as claimed in any of claims 1 to 6 wherein Ri is a group (c) in which 
10 X9 is. oxygen and Xio is nitrogen 

8. A compound as claimed in any of claims 1 to 7 wherein R2 is a group selected from 
Ci^^alkyl, C3.7 cycloalkyl, Cs-vcycloalkylmethyl ,phenyl or phenyl (substituted ; . 
amino, diethylaminoethoxy, methoxy or hydroxy group), alkyl (substilu^ mv • • . 
acylamino, R19NH, R19R20N or hydroxy ) or a heterocyclyl group . 
15 9. A compound as claimed in any of claims 1 to 8 wherein X2 is CR4 and R4 is hydrogen, 
alkyl or alkoxy , 

1 0. A compound as claimed in any of claims 1 to 9 wherein X3 is CR5 and R5 is hydrogen, 
alkyl or alkoxy. 

1 1 . A compound as claimed in any of claims 1 to 10 wherein X4 is CRe and group R6 is a 
20 group selected from hydrogen, halogen , alkyl, alkoxy, optionally substituted phenyl 

or a hetrocyclyl group.. 

12. A compound as claimed in any of claims 1 to 1 1 wherein Xi is CR3 and R3 is a group 
selected from hydrogen, halogen , optionally substituted phenyl, heteroaryl, alkyl 
(substituted by the group RipNH or a heterocyclyl group) or a 6,5 fiised 

25 bicycloheterocyclyl group. 
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13. A pharmaceutical formulation comprising a compound of formula ® or a 
pharmaceutically acceptable salt and or an N oxide thereof together with one or more 
pharmaceutically acceptable excipients and /or carriers . 

14. A compound of formula (1) and/or physiologically acceptable salts thereof for use in 
fiberapy . 

15. The use of a compovind of formula (I) and/or a physiologically acceptable salt thereof 
in the manufacture of a medicament for inhibiting the effects of the kinase Msk-1 . 

16. A method for inhibiting the effects of the kinase MSK-1 comprising administering to 
a patient in need thereof an effective amount of a compound of formula (T) and/or a 
physiologically acceptable salt thereof. 

17. A process for preparing a compoimd of formvila (I) which comprises :- 

a) a process for preparing compounds of formula (I) whe. /' i U n . -lup (a), (c) and 
(d) by reacting the diamine (II) 

^^x; NHR2 
(II) 

wherein R2, Xi, X2 , X3 and X4 have the meanings defined in (T) with the appropriate 
compound of formula (HI), (TV) or (V) 

NHRa NHRa 



NHRa 



YOG 




YOC 




YOC 




(TV) 



(V) 



56 



P33019 



wherein Y is hydrogen , halogen e.g. CI, Br or I, hydroxy or Ci^alkoxy, Ra is hydrogen 
or a nitrogen protecting group such as an alkoxycarbonyl or ben2yloxycarbonyl group 
and each of X5, Xs, X9, Xio, Xn.Xn and X13 have the meanings as defined in formula (T) 
or is a group available thereto, followed when required by removal of the nitrogen 
protecting group Ra using conventional methods. 

b) a process for preparing compounds of formula (I) wherein Y is the group (b) reducing 
of the corresponding nitro derivative (VI) 




R2 
(VI) 



vdiereinR2, R3, R3, Xi, Xj.::^^. • oij have the meanings defined in formula (I).. . 

c) a process for the preparation OG^;!i c. a.ads: of formula (I) wherein Ri is the group (c) and 
X9 is oxygen and Xio is nitrogen may be prepared by reacting the nitrile (VII) 

^ \ 
R2 

(VII) 

wherein R2, Xi, X2, X3 and X4 have the meanings defined in formula (I) with 
hydrochloric acid and sodium nitrite in a solvent and treatment of the product thus formed 
with a and hydroxylamine. 

d) a process for preparing a compounds of formula (T) wherein Ri represent the group (c) 
and wherein X9 is NH and Xio is CH may be prepared by reactmg compound (VnT) 
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(VIII) 

wherein R2, Xi, X2. X3 and X4 have the meanings deiSned in fonnula (I) with hydrazine 



5 



10 



15 



20 



58 



P33019 



Abstract 



A compound of the general fommla (I) 




R2 

(I) 



and physiologically acceptable salts and or N-oxides thereof wherein, 
Xi is N or CR3; X2 isN or CR4; X3 is N or CR5; X4 is N or CRe. 

with the proviso that at least one but not more than two of Xi, X2, X3 and X4 represents 
N; 

Ri is a 5-, or 6- membered heterocyclic group selected from group a, b, c or d. 




(a) (b) (c) (d) 

processes for their preparation and their use in medicine. 
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